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PATHOGFTJ-gpg^Tr.^ OTT| TWPP>PV 

Background of Tiie T n „^ n1 . inTl 
This invention relates to therapies involving 
5 administration of cytotoxic T lymphocytes (or cells, 

Cytotoxic T cells (CTLs) that specifically lyse HIV 
infected autologous target cells have been found 
at uncommonly high frequency in the blood of HIV-infect ed 
andividuals; killing by such cells is nrp , 
10 bv CD3 + cn ft + «. Predominantly mediated 

by CD3 CD8 effector cells although cytotoxic CD4 + cells and 
natural killer cells also play a role (Walker et al /, 
1^:345, 1987; pi ata et al . # ^ 32 :34 e i 987 
al science ^64, 1988; Sem fifc ~ * 

is : N T i9 r al " Proc - « 2£ ; 

1988, Nixon et al. , Nature 336:484, 1988; Tsubota et al r 

ftp. Med. 619:1421, i 98 9; Riviere et al j T , 

-39; Koup et al., ^ ^ ^ ^ ^ 

J. tel. iia:452, 1989; culaann et al., ^ - * 
11:2383, 1989; and Hosmalin et al., Proc \Tl t T 
20 DSA 57:2344, 1990). CDS* T ell. ^ 5<?i * 

ce lls recognize antigenic 
peptides presented by mhc class I molecules. To be 
recognized by a CTL, a peptide must be properly p r L„ „ 

» infections only a snail nUBber of 

these crxteria and that CTL specific for these epitopes 
do»i„.te the iytic response (Braciale et al r. , 
£». Whitton et .1.. Vi ^:l^ ~- 

Klav.ns.cxs et al.. ,. WroJ . ^ ^ 
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j. Virol. 62:687, 1988; Braciale ct al. , Proc. Natl. Acad. 
Sex. USA 86-277, 1989; Townsend et al., Cell 44:959, 1986) • 

Summary Of The Invention 
In general, the invention features a method of 
5 treating a mammal infected with an intracellular pathogen. 
The method involves (i) isolating a cell from the mammal; 
(ii) expressing in the cell a purified nucleic acid which 
encodes a pathogen-specific polypeptide, whereby the 
polypeptide is processed by the cell and an antigenic 

10 portion of the polypeptide is presented on the surface of 

the cell; (iii) contacting the antigen-presenting cell with 
a sample of the mammals peripheral blood mononuclear cells 
(PBMCs) to produce a sub-sample enriched for cytotoxic T 
lymphocytes which recognize and which are capable of lysing 

15 the pathogen- infected cells of the mammal; and (iv) 

administering to the mammal an infection-reducing amount of 
the cytotoxic T lymphocyte sub-sample. 

In various preferred embodiments, the antigen- 
presenting cell is an autologous peripheral blood 

20 mononuclear cell, preferably an autologous monocyte or an 
autologous B cell; the nucleic acid is expressed from a 
vaccinia vector or a Bacillus Calmette-Guerin vector; the 
intracellular pathogen is a virus (for example, an 
immunodeficiency virus, a T cell leukemia virus, a Herpes 

25 virus, or an Epstein-Barr virus), a mycobacterium, a 

protozoan, a mycoplasma, or a fungus; and the mammal is a 
human. Most preferably, the virus is a human 
immunodeficiency virus, and the nucleic acid encodes a human 
immunodeficiency virus env , gag , or pol protein. 

30 By "intracellular pathogen" is meant a disease- 

causing organism which resides, during at least a part of 
its life cycle, within a host cell. By "enriched for 
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cytotoxic t lymphocytes" is me ant that * 
substantially greater nunber 0 ^"*" «- a 

T lymphocytes (i. e T lv»nh« \ * 6n ' Specific cytotoxic 

cells Li'jsrs^rjT 1 " and 

5 Pathogen-specific antigens on «, CMe ' 

mononuclear cells. B y "a bow/ / P*«Pheral blood 

nucleic acid which JLes ^ s * * — * • 
specific polypeptide (and which ^ 3?""" "» >" h ^n- 
0 downstream regulator, elements Z llZTsT """" « 
genes that, in the naturally-occJw ° f toe 

organise from which the nucleic acid 1/^ " °" 
derived, f ian3c the gene encoding Z Z^™™™ " 
Polypeptide. By »oathoa„„ Pathogen-specific 

"ynizea (i.e., responded to as ^».~,- , ^ 
this case, cytotoxic T cells of the * ln 

system. B y "processed" ii « " T * ^ 

peptide (e .,.. ^J^'Tr ZZTV^ " '""'^ 
on the celVs surface in assoc^ "* dls P la ^* 

-igen. By nyse- isla TZ^l*" "~ 1 
sample, a host cell harbori„„ ""integrate, for 

infected cells" is "ea TZ 2 hos'ttT'h ^ " Path<>9en - 
Pathogen, either in an active or Tlat ! ' * 

-antigen-presentin, cell" is ° nt Bv 
^Playing on it8 l u s Ua c ra nt a„: y ^ " 

segment thereof. E y "autol""" i 1^" " 
— Patient. By "i_.unodefici.ncy virus" ' ° eCUrrin ' ln the 
limitation, Hlv-l and HIv- 2; hy " T ce " " ^ 
-ant, without limitation, mvVand T°" * 

virus" is meant, without limitation „ * """^ 

a "o type 2 , ^ " ' SiJaasX *»>» 1 

E-S iSStSi, and cytomegalovirus as well as 
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Epstein-Barr virus. By "virus" is also meant, without 
limitation, Papillomavirus, Hepatitis virus, Creutzfeldt- 
Jakob virus, and feline leukemia virus. By "mycobacterium" 
is meant, without limitation, Mycobacterium leprae or 
5 Mycobacterium tuberculosis - By "protozoan" is meant, 
without limitation, Toxoplasma gondii . Giardia lamblia, 
Trypanosoma cruzi, organisms of the genus Leishmania, and 
organisms of the genus Plasmodium which cause malaria. By 
fungus is meant, without limitation, Pneumocystis carinii . 

10 Candida albicans, and Candida trooicalis . 

In the method of the present invention, the CTLs of 
the enriched sub-sample recognize and selectively target for 
lysis pathogen-infected cells. Because such pathogen- 
infected cells represent a small percentage of the total 

15 cell population, this method minimizes side effects, such as 
immunosuppression, which may result from other forms of 
therapy such as those which destroy or impair the function 
of all host cells at risk of pathogen infection. Moreover, 
the pathogen-specific CTL population may be administered to 

20 the mammal free of (or with a low dose of) lymphokines, 

thereby avoiding the vascular-leak syndrome which generally 
accompanies the superphysiologic doses of lymphokines 
associated with such therapies, at least in humans and mice. 
Finally, the CTL sub-sample is produced by contact with an 

25 antigen-presenting cell derived from the same mammal. This 
is an important feature of the invention because antigens 
capable of inducing an effective CTL response (i.e., 
inducing significant CTL proliferation) may vary, and, for 
example, in the case of HIV-l, do vary from one individual 

30 to the next. By allowing an individuals own cells to 

process the pathogen-specific polypeptide, the antigen (s) 
which are immunogenic (and, very likely, immunodominant) for 
that particular individual are naturally selected and 
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presented on the eel! surface. » a tois a„tige„-p resen , . 
cell ls used for the preparation of pathogen-specie 
such CTLs target infected host cells'which di^a" " 

isogenic or l^unodoMinant antigen on their surface 
5 thereby maxi^in, tta efficacy of ^ «*•«.. 

other features and advantages of the invention • , 
>e apparent fro B the following detailed description 
- from the claims, caption, and 

Detail Pri n Qg ^ ri - r1 - 1nn 
EiaKi Jhe drawings win f irst briefly te 

FIG. 1 is a graph showing HIV-l-specifio 
cytotoxicity as a function of the effector: target cell 
ant" e " eCt " — — - Inve^p" 

FIG. 2 is a graph showing KV-l-specific 
cytotoxicity as a function of the effector: target eel! 
ratine effector cells recognize an HXV-i ^ 

FIG. 3 is a graph showing HIV-1-specif ic 
cytotoxicity as a function of the effector: target cell 
ratio. The effector cells recognize an HIV-a r eve r S e 
transcriptase antigen. reverse 

FIG. 4A is a graph showing HIV-l- S p ecif ic 
cytotoxicity as a function of effector: target ratio bef 
stimulation with an autologous HIV-1 antialn 
cell rrr An i ^ antigen presenting 

cell. FIG. 4B is a bar graph showing that effector cells 
recognize a gag-s P ecifi c antigen following stimulation 

FIG. 5 is a series of three graphs showing HIV-i 
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reverse transcriptase antigen (B) , and an HIV-i gag antigen 
(C). 

There now follow descriptions of methods for 
generating, from a sample of a patient's peripheral blood 
mononuclear cells, a sub-sample enriched in cytotoxic T 
lymphocytes (CTL) which recognize and lyse cells displaying 
an HIV-l-specific antigen on their cell surfaces. The 
method generally involves introducing into a patient's cells 
(specifically, the patient's peripheral blood mononuclear 
cells) a vector expressing all or a part of one or several 
HIV-l protein (s). The protein is processed by the patient's 
cells, and an antigenic fragment is naturally presented on 
the cell surface. Such cells are then used as antigen- 
presenting cells to stimulate the proliferation of an HIV- 
15 l-specific sample of cytotoxic T lymphocytes. 
T-Lvmphocvt e Culture 

In a first specific example, a frozen aliguot of 
3x10 peripheral blood mononuclear cells (PBMC) , isolated by 
Ficoll-Hypaque density gradient centrifugation from 
20 heparinized blood, was defrosted, suspended in T cell medium 
[i.e., RPMI 1640 medium supplemented with 15% fetal calf 
serum (JRH Biosciences, Lenexa, KS) , 200 u/ml rhu IL2 
(Cetus, Norwalk, CT) , 2 mM glutamine, 2mM HEPES, 100 U/ml 
penicillin, 100 fig/ml streptomycin and 50 fM 0- 
25 mercaptoethanol] and allowed to adhere at room temperature 
to two wells of a 24-well microtiter plate. Following a 
four-hour incubation, non-adherent cells were removed and 
placed at 4»C overnight. Adherent cells were infected at 
approximately 2 pfu/adherent cell with either VPE16 (a 
30 recombinant vaccinia vector which expresses the HIV-l M8 
gpl60 envelope protein; available from the National 
Institute of Allergy and Infectious Disease AIDS Depository, 
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Bethesda, MD) or vscg 

expresses the la , re <=°mbinant vaccinia vp^* 

°* f» 30 ninuteS; an Wltt rocking, at 37 » c 

ana the ceUs were ! * " "'"a — 

added to th„ • - rese rved non-adherent c.l , 
cell, lnfeCted a *«e„t cells r PU Vas th « 

clll7T inOUbatea '« 10 days and J\ f 1 '^ ■ and the 
611 " edlU » Ascribed above. *** ***** vith the T 

fenced m o.5 ml of «p MT AU PBM Cs were 

=a« sen. and inched iT T'T"" «* 
«* n lxing , for ^ ated in a J5 c> flask at 

20 f " St «aad o. 5 ni of a „ l"V stored oe lls „ as 
-Pernatant obtained freeze " Vir ~aini„, 

(available , roB the toer i " V! °* a »»' B„-8 

*°=*vin e , m; lype Culture ColUctlo 

uluj r ™ (JM Biosciences ^a-anted with m 

at«pto By c in and so „ »« Wei 

then incubated, with biveeklv h MOl) - ■» were 

(see e ^ CeUS J^IT^ 

A22-877, 1987) 
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and were infected overnight with 2 pfu/cell of either vSC8 
or VPE16 (as described above) . The vaccinia recombinant 
virus vector was inactivated by 30 minutes of UV-irradiation 
and 5000 rad of 7-irradiation. 
5 To stimulate CTL proliferation, 5xl0 5 antigen- 

presenting autologous B cells were added to each well of 
non-adherent cells and, following an additional one week 
incubation, cytolytic activity of this CTL sub-sample was 
assayed against lacZ-expressing or HIV-1 envelope-expressing 

10 targets by the standard 51 Chromium-release assay described 
in Brunner et al. (Immunology i4:181, 1968). 

HIV-vaccinia-infected autologous B cells were used 
as target cells at an effector: target (E:T) ratio of 20:1. 
The results shown in Table 1 were obtained. Results are 

15 expressed as percent specific cytotoxicity and were 
calculated from the average cpm as [ (average cpm - 
spontaneous release) / (total release - spontaneous release)] 
x 100. 



TABLE 1 



20 T Cell 

Effector 

Unselected 

Selected with 
LacZ control 

25 Selected with 



Uninfected Autoloqoua 
B Cell Target 

Not done 
Not done 



Lac 2-Expreg sing 
B-Cell Target 

Not done 

t 

17 



Env-Expressino 
B-Cell Target 

11 

Not done 

39 



30 



As shown in Table 1, unselected T cells did not 
demonstrate any envelope-specific cytotoxicity at an E:T 
ratio of 20:1. In contrast, at the same E:T ratio, 
envelope-selected T cells lysed envelope-expressing target 



25 



30 
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Prepared by the above oet nod' ^ Sub -=»Ples 
^tein-Barr virus . lnfe » ™ally tar g et 

5 SaDples "re Part lcu i arly useful / *"* CTL Sub " 

Patients doubIy-i„ fact J *~ *« tte treatment „ f 

«* « Epstein-Barr virus/vt ^ iMOn °*«^ancy virus 
«11 lyephoeas. 00 ■*» at risk of develops, B 

" -o n uoit\:rir^r hl exMpie ' m ^ *~ 

" D S- d ef lnlng co^tltutW svlT" ea fr °" 3 > atl «* «th 

ta a * well Scroti? M ' PBMC ( " 5 »° S 

» Pfu/=eu of VSC8 ( J c « Plate, were infected 

a "ove), or VDK , . <aesc "bed above), v p E16 (dascrl . „ " h 
ujt vdki (a recombinant • '"ascribed 

5 expresses Hlv-i „ wccinia vector which 

-search and « DS 

above,, the supernatant fro. th. , deSCrlb <* 
aspirated, and the infected c^f ^ C6Us "as 
1 "iautes of UV-irradiat, sub Je=ted to 30 

2vin« - "tion and 5000 raa • 

2X10 fres bly isolated pbmc were «. '-Radiation. 
«e saee M d iua . Ine «dil „ " "*"* t0 ™» in 
b«ee My and, after l 7 day. " W1U — "placed 
resti.ul.ted with autolo g o's c.^l"" 11 ""' U " e "'s 

^ VDX1 "scrinea abov ^ 
simulation, a 4 hour "cr-re. 6 days P««> 

assess envelope-specific or "** "arforned to 



wo ' 3/,478 ' Pcr/uaMM. 
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TABLE 2 



Ef factor* Target Ratio 



10 





Protein Expressed 










T Cell Effector 


By Tarqet Cell, 


ill 


12il 


25il 


50il 


Unselected 


LacZ 


4 


6 


3 


0 




Ear 


3 


6 


8 


14 




Oag 


0 


0 


7 


11 


Gag-selected 


LacZ 


0 


Not done 


Not done 


Not dose 




Exit 


6 


Not done 


Not done 


Not done 




Oag 


18 


Not done 


Not done 


Not done 



10 



15 



20 



25 



30 



As shown in Table 2, the nonspecif ically-stimulated 
T cells (i.e., as derived from the patient) had a low level 
of cytotoxicity directed against gag -expressing autologous 
target cells. (This line also exhibited a low level of 
cytotoxicity against reverse transcriptase-expressing 
autologous target cells) . The gag-selected T cells 
developed substantial cytotoxicity against gag -expressing 
target cells. At an E:T ratio of 6:1, cytotoxicity against 
gag-expressing target cells was comparable to that measured 
for unselected T cells at an E:T ratio of 50:1. Envelope- 
stimulated and lacZ-stimulated T cells did not grow well and 
were not assayed. 

Using the above assay, five HIV-infected patients 
were tested for specific T cell stimulation. 

Figs. 1 and 2 demonstrate that HIV-l-specif ic CTLs 
were produced from the PBMCs of two independent HIV-1- 
infected individuals following stimulation with autologous 
envelope-expressing cells (i.e., autologous B cells which 
were infected with vaccinia vector vPE16, described above). 
The percent specific cytotoxicity exhibited by envelope- 



15 



2C 



3« 



f 



WO 93/14789 

PCT/US93/006I9 

selected CTLs ( " ^ " 

unselected / W3S greater than ^ ^ 

5 line may be o»n scra tes that an Hiv-i « 

individual Tt rr ated fr ° a PBHCs ol T ce " 

tra„scr iDta ^ Stifflu ^tion v^h a !" ^^ted 

wMch Jet eXPrSSSing d e ? l090US 

froa ; h f6Cted vaccinL ' aUt ° lo ^s b cells 

rron the National w accini * vector VCF21 . 
10 disease AlDs ° Inst ^ute of Allergy a J C?2l > Mailable 
, AIDS Depository n a «.v 97 and ^fectiou* 

specific cvtn*-« ■ . Be thesd a/ a . CCiou s 

M . ,. 1 VSC8 ) cell 

«a a„e s Bay b r" StrateS th " ««ere„t „ IV , 
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infected with either vaccinia vector VPE16, VCF21, or vDKl, 
respectively) . Each of the T cell lines was tested for 
cytotoxicity against target cells expressing an envelope 
antigen from VPE16 ( ♦ *) , a reverse transcriptase antigen 
5 from vCF21 (-❖—), a gag antigen from vDKl ( — ■ — ) , or a 
background lacZ antigen control from vSC8 ( —a— ) . In all 
cases, the percent specific cytotoxicity exhibited by the 
HIV-1 antigen-selected CTLs was greater than that exhibited 
by an unselected cell line. 

10 In an alternative preferred method for generating an 

enriched pathogen-specific CTL sub-sample, a T cell line is 
first established by incubating 5 X 10 5 previously frozen or 
freshly isolated PBMCs (isolated as described above) in T 
cell medium supplemented with phytohemagglutinin [i.e., RPMI 

15 1640 medium supplemented with 15% fetal calf serum (JRH 

Biosciences, Lenexa, KS) , 200 U/ml rhu IL2 (Cetus, Norwalk, 
CT) , 2 mM glutamine, 2mM HEPES, 100 U/mL penicillin, 100 
pg/mL streptomycin, 50 pH £-mercaptoethanol, and 2/ig/ml 
phytohemagglutinin (PHA-P; Dif co) ] . Twice a week, cultures 

20 are adjusted to 5 X 10 5 cells/ml, and after (preferably) 
three weeks, this T cell line is incubated with antigen- 
presenting cells (as described above) to enrich for 
pathogen-specific CTLs. If desired, T cells may be frozen 
for storage after 7-10 days of culture (as described above) 

25 by aliquoting 2 X 10 7 cells/vial in 95% calf serum/5% DMS0 
and freezing in liquid nitrogen using a programmed cell 
freezer (Cryomed). Such an extended culture system may also 
be used to expand a CTL sub-sample following pathogen- 
specific CTL selection. 

3 0 In the examples described above, antigen-presenting 

cells were derived from either total peripheral blood 
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mononuclear cells, the adherent layer of , 
Peripheral Wood mononuclear °* " sa "P le - 

XheiMBX ' ° r autologous B cells. 

Sub-samples enriched for Mfk „ 
5 administered to a pathogan-iJ/J ' PeCl " C ^ a " 

cells are washed tie IZ PBS T " f0ll °»=- 

"suspended i„ 200 al of „ '° reBove "Itur. medium, 

i«o the patient by the ZllT"'^ Md lnfu "° 
cancer therapy by Posenher, see «* 

Performed intravenously using 10 V. 10 « ' "f 1 " 0 " " 
Procedure takes approximate - " and «» 



15 



MJ>J , using io' - in ii 

procedure takes approximately 30 minut. ' "* * 

treatment can he repeated, preferably a ', 
Therapy can he administered soo„ a fter oath" 3 "* lnterVaU - 
upon onset of symptoms. In adlti P ^ infecti °" « 
samples isolated from a 0,18 " ,oore p£ "*: 

— ual , or a c^ssrr- asymptonatic 

Pathogen infection, fflay be st J* ** prepared Allowing 
(as described above, , untU ^ " *" 
20 requires therapy * ^ 38 ttat Patient 



25 



30 



Because the CTLs of 
recognize and selectively t^T* 

because such ^^1^1^^ ^ « 
percentage of the total », , "Present a small 

minimizes side effect! ^ t^om 8 "' ^ ^ 
damage, m tte specl "»» f "» 9en.r.li«d cell 

the enriched CTL sub-sam p i ™°f " """^ed Patient, 
lymphocytes, monocytes and / ^ HIV - inf ected CM 

« the immune syst» incLlnT^'"' ^ OU ~ 
^mphocytic and monocyt^ ^TlLZ'^ 
«- - of immunosuppression. ^ £ ^ 
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side effects, e.g., the vascular-leak syndrome associated 
with high dosage lymphokine therapy. 

When appropriate, lymphokines such as IL-2 or IL-4 
may be co-administered with a sub-sample of pathogen- 
specific CTL-enriched lymphocytes to further enhance 
lymphocyte proliferation. To minimize the side effects 
often associated with this treatment, a patient may be 
treated with antihistamines, aspirin, or acetaminophen prior 
to administration of lymphokines. In addition, a patient 
may be treated with cyclophosphamide or other cytotoxic 
drugs prior to administration of pathogen-specific CTL- 
stimulatory peptides or pathogen-specific CTLs. 

Pathogen-specific CTLs can combat pathogen infection 
by recognizing and lysing cells infected with the pathogen, 
15 thereby preventing further spread of infection. Moreover,' 
certain pathogen-specific CTLs, e.g., CTLs specific for 
Epstein-Barr virus, can be used to prevent or to treat a 
virus-induced lymphoma in a patient infected With EBV alone 
or in a patient infected with EBV and a human 
20 immunodeficiency virus. 

Other EffifeadiffigptS 
The general methods described herein may be 
modified, e.g., to simplify production of the antigen- 
presenting cells, to simplify production of the pathogen- 
specific CTL sub-sample, or to extend the use of the method 
to the treatment of other pathogenic infections. 

For example, other vaccinia vectors may be utilized 
for antigen expression. Such vectors include vPE8 (a 
vaccinia-HIV-l^ gpi20 vector) , vPE5 (a vaccinia-HIV-l M8 
gpl60 vector), vPE6 (a vaccinia- HIV-1 M8 gpi20 vector), 
VSC40 (a vaccinia-HIV-l BH10 gag-pol vector) , VCF21 (a 



25 



30 



20 



25 



30 
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vaccinia-HIv-i 

vaccinU-HXV-!"" " vector,, vVK! (a 

939-pol vector), w.„, 0 , <a 

gag vector), VHN462 (a vaceil- ' V «=inia-Hlv- 

«"*a (a vaccinia-,^ MnT""""" 1 " 9P "° Vect or, , 

PDOL-HIV-x gpx.rJt " 9P "" VeCt ° r) ' PD ° UIV «v (• 

W «. tit ; a^^r^r 01 '' pHew ,a 

«* P°l vector) ; ail ' ' (a pOcw-BW- 

«esearch ana Reference LaW 0,8 AIDS 

0 other partner vail a ! ^rrT ' B " heSd> ' 

VPE20, v PE21 , and v PE22 , " °" lnClude »»«17. vPEle, 
institute of Allergy and life , ""^ 

—esda, MD) wMcfencoae t;! 1 !? 156356 MDS ""^"ory, 
VCP3 2 . vc„ 3 , ^,,^7" 7«»Pe Proteins an/ 

' institute of All.' Tnd r \ ^ (aVallaW * **- 

Depository, Bethesda, MD) ZcT ^ »» 

transcriptase proteins. "verse 
vaccinia expression vectors^ V . """ructin, other 

Chafcrabarti et ai., „ atur ^ *!° Vlded > in 

W«iWi«,„,. x 9ee; trff; -= ai„ 

<*»«»««. 1 990 ; Ear! et a, V *■*• « 

*~ « et al . ln « c ;:^ : * «*«. 1SS1; „/• 

»' • 0. Olover. m p^; *PP-cn, vol. 

I» addition, because all TJT' 
antigens, any cell M y .« * W *" "* I 
MU - Cel1 * « the i ame »ti g an-presentin, 
»acro P ha,es, B cells, or T c, T *" m0noc ***. 
other use fu i cells include TiolV" Pref6rrM - "^.r. 
= d «tion, cells infected wil l , 5 " 
described above) represlt * * m vin * (as 

epresent preferred anti 9 .„ presenting 
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Appropriate vectors for antigen expression in these 
(and other) cell types are provided, e.g., in Cloning 
Vectors: A Laboratory Manual (P.H. Pouwels et al., 1985, 
Supp. 1989); preferred vectors include a poxvirus, avipox 
5 virus, SV40, retrovirus, Epstein-Barr virus, or bovine 
papilloma virus sequence. An HIV mutant, for example, a 
packaging or frameshift mutant, may also be used to infect 
an appropriate antigen-presenting cell for HIV-specific CTL 
enrichment (see, e.g., Aldovini and Young, J. Virol. 
10 64:1920, 1990). 

In one particular example, hepatocytes infected with 
an antigen-expressing hepatitis B vector may be used as an 
antigen-presenting cell, in other particular examples, 
peripheral blood lymphocytes are transduced with an antigen- 
15 presenting retroviral vector (e.g., T4-pMV7, T8-MV7, or 
pHIVlacZ; available from the AIDS Research and Reference 
Reagent Program, Bethesda, MD) . 

Expression vectors may be introduced by stable or 
transient transfection or by viral infection. Transfection 
20 methods are provided, e.g., in Current Protocols in 

Molecular Biology (ed. Ausubel et al., John Wiley & Sons, 
New York, 1989) ; viral infection methods are generally as 
provided above. When necessary, expression vectors (e.g., 
viral expression vectors) may be inactivated by UV- 
25 irradiation (as described above) , -/-irradiation (as 

described above), exposure to mutagens (e.g., mitomycin C) , 
treatment with glutaraldehyde, or inactivation of a gene(s) 
required for infectivity (e.g., by site directed mutagenesis 
or deletion) . 

30 CTL-stimulatory antigens may be included in HIV-l- 

encoded proteins other than env (i.e., gpi60) and gag. For 
example, they may be included in the reverse transcriptase, 
£at, rev, or nef proteins. DNA encoding such proteins or 
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fronts thereof may be inserted into a vaccinia • 
vector (or any appropriate expression vecto a" def T"" 
above,, and the resuitant antigen-presenMno Zu 
produce an enriched sub-saMpJof ~ e Ii« c^t *° 

5 described in the above example m n>w< , 

antigen-presenting cells May' £ ^TZZZlZ 
cells (preferably, Monocytes, Macrophages T cells 
cells, with on. of the following vectors: vL 
VSC40, VVK1, w.-gag. VMN462, VR p 22 , ' WE5 ' VPE6 ' 

> PHenv, or pHM-Jd^ fall H f P 1116 "" 3 - 1 ' PDOLHIVenv, 
HIV-i tat !„7 described above) ; or pcvi (a pcv- 

nxv 1 i^t and rev vector) ncv5f a fm , p 

vector,, or pu^xxx cat (a psV2CAT-HIv TZl'"'^- 1 ** 
available f roM the „ DS Hesearc^Id " ^ce^l 

-at ed fron "~ 
Moreover, a patient infected with any isoute of„xv' ( e g 

1 ™ ) My be heated using the Methods of the invent/ 
Genes coding for proteins hoMologous to HXV-x e „c " , 
Proteins say also be useful in this invention h 
proteins elicit an HIV-x-specific CTL ™„ 

iMMunodeficiency viruses. Less preferablv *k 
presenting ,..,> preferably, the antigen- 

Presenting cell say be infected with HIV itself r. . 
isolated fros the subject to be treated! altH !"" 
c^ antigen expression is general! ^ we 'th „ 2t t ^ 
«lng expression vectors such as those des«LTh e r\ 

Patient^ = 1^ * ^ 

-ciudmg, but not u-r^rsr""" 

viruses. Herpes viruses (e.g., x*stei„- B arr v^ and 
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Hepatitis virus as well as any intracellular disease-causing 
mycobacterium, mycoplasma, protozoan, or fungus. In one 
particular example, antigen-presenting cells may be prepared 
by infection of cells (preferably, monocytes, macrophages, T 
5 cells, or B cells) with one of the following HIV-2 vectors: 
VSC50 (a vaccinia-HIV-22 SBL/IST gpieo vector) , rW/ROD (a 
vaccinia-HIV-2 R0D gpieo vector) , or rW/ST (a vaccinia-HIV- 
2 ST gpl60 vector) ; all available from the AIDS Research and 
Reference Program (Bethesda, MD) . In another particular 

10 example, the mycobacterium Bacillus Calmette-Guerin (BCG) 
may be engineered to encode foreign proteins and used to 
infect, e.g., monocytes or macrophages, to produce antigen- 
presenting cells; such mycobacterium and methods for 
infection are described in Aldovini and Young (Nature 

15 351:479, 1991). Generally, the sub-samples of pathogen- 
specific CTLs would be prepared as described above for HIV- 
1. 

The PBMC sample may be presented simultaneously with 
more than one pathogen-specific CTL-stimulatory epitope, 

20 e.g., by expressing more than one pathogen-specific gene in 
the antigen-presenting cell or by contacting the PBMC sample 
with multiple APCs, each displaying a different pathogen- 
specific antigen. In a preferred CTL selection procedure, a 
sample of PBMCs or a T cell line is presented with two or 

25 more different autologous antigen presenting cells at the 
same time — for example, a first APC expressing the HIV-i 
envelope gene, a second APC expressing the HIV-l gag, and a 
third APC expressing the HIV-l reverse transcriptase gene; 
such APCs may be produced, e.g., by infection of the 

30 autologous cell with an HIV-i-vaccinia vector (e.g., as 
described herein) . 



WO 93/14789 



PCT/US93/006I9 



- 19 - 



Any pathogen-infected aarnaal (particularly 
domesticated animals and livestock) fflay Z Ztt^ • 
Patten-specific CTL su.-sa.ple of the L^ot ^ 9 
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Claims 

1. A method of preparing a therapeutic agent for 
the treatment of a mammal, preferably a human, infected with 
an intracellular pathogen/ said method comprising: 

(i) isolating a cell from said mammal; 

(ii) expressing in said cell a purified nucleic acid 
which encodes a pathogen-specific polypeptide, whereby said 
polypeptide is processed by said cell and an antigenic 
portion of said polypeptide is presented on the surface of 
said cell; 

(iii) contacting said antigen-presenting cell with a 
sample of said mammal's peripheral blood mononuclear cells 
(PBMCs) to produce a sub-sample enriched for cytotoxic T 
lymphocytes which recognize and which are capable of lysing 
said pathogen-infected cells of said mammal; and 

(iv) providing said cytotoxic T lymphocyte sub- 
sample in a dosage form providing an infection-reducing 
amount thereof . 

2. The method of claim 1, wherein said antigen- 
presenting cell is an autologous peripheral blood 
mononuclear cell. 

3. The method of claim 2 wherein said antigen- 
presenting cell is an autologous monocyte. 

4 The method of claim 2 wherein said antigen- 
presenting cell is an autologous B cell. 

5. The method of claim l f wherein nucleic acid is 
expressed from a vaccinia vector. 
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«c iA j.us Calmette-Guerin vector. 

intracellular pathogen is a virus a nVf . nh «. • 
Drotofnan , "ajtus, a mycobacterium, a 

protozoan, a mycoplasma, or a fungus. 

8. The method of claim -7 ,.w 
immunodeficiency virus. ' ^ " ld VirUS is «» 

11. The method of claiw n «k 
Herpes v iru .. preferaMy M ^ " " 
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